Equilibria Eguation-
We consider the equilibrium of a non-axisymmetric tandem mirror described by the tensor magnetostatic equations given by 
In order to obtain non-axisymmetric equilibria, we simultaneously expand in 0 (plasma pressure / magnetic pressure) and A (long thin parameter) using a maximal ordering so that both effects enter T 'T2 + T4+... P P 2 + P 4* P= P 2 + pT4 + .
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Here, the subscript "T" refers to the (x,y) rectangular vector components, n and the numerical subscripts refer to the order in A i.e. fn ~ A Before proceeding with the analysis we give a summary of the sequence in which the calculation is carried out. 
The quantity B 0 (z) represents the applied mirror field. Next, from Eq (8)
we can write BT1= VT 41
(10) where 1 (x.y.z) is a potential function. Substituting Eq. (10) into Eq. (7)
yields:
which has as its solution:
Here, the first term gives rise to the small component of Br associated with the mirror field and the second term is a homogeneous solution describing the applied quadrupole field of amplitude A(z).
Converting to rectangular coordinates (x.y) it is straight forward to calculate the vacuum field line trajectories from the magnetic line
we find where xO and yo are the coordinates of the field line at the midplane z=0, Bc = B0 (0) is the axial field at the midplane and
rather than B 0z) and A(z). Note that quadrupole symmetry implies that
finally we obtain an expression for the vacuum flux coordinates (.,6 0 ) by observing that the flux surfaces are circles at the midplane, z=0. Thus, setting 2 0/Bc = x 2 (0) + y2 (0) and tan 00 -y(0)/x(0) yields
It is easily verified that the vacuum fields satisfy 8 = VO x VO
B. First Order
There are a number of steps required to calculate the P and long thin corrections to the vacuum fields. Following the general sequence previously discussed we begin as follows:
The perturbed axial field Bz 2 is calculated from the first nonvanishing correction to perpendicular pressure balance: and for convience the subscript "2" has been dropped from p . After some simple rearrangement, Eq. (18) can be rewritten as:
The first term represents the perpendicular particle pressure and the second term represents the magnetic pressure due to the diamagnetic part of the axial field. Eq. (19) can be integrated yielding:
The free function f (z) represents a small correction to the applied mirror field. If the conducting wall is moved to infinity then f 1 (z) = 0. Under this assumption, Bz 2 /BO can be separated into a P contribution and a long thin contribution as follows:
The first nonvanishing contribution to J can be determined from the The right hand side of Eq. (3) can be evaluated by noting that
Integrating to obtain J 3 yields
The equations determining BT 3 follow from the first order corrections to VeB = 0 and b*(J -V x B) = 0:
Equations (26) and (27) are solved by writing
balances the e independent terms in -8B z2/z. This balancing determines K(#.l). Substituting into Eqs. (26) and (27) yields the following equations for K(,), ) 3 (x,y'z) and A 3 (x,yz)
where
The solution for 03 is easily found by substituting * from Eq. (12).
For boundary conditions we assume that there are no third order sources at infinity (i.e. no rmcos m6 , rmsin me terms). This yields 
Calculate tb and 0
The final step in the analysis is to calculate the P and long thin corrections to the flux coordinates.
In particular we wich to determine the modifications to the vacuum flux surfaces. This slightly lengthy calculation can be carried out as follows. To begin, we expand the vacuum field line trajectories as
where xv -x (l). yv -yr1) and (x0'y0' . 1(x',1) are small 2 corrections due to P and long thin effects. We assume C/xv -/yv -A2.
Since the magnetic field is known, C and q can be determined by solving the field line trajectory equations:
2 to next order in A2. We find:
In Eq. (38) the terms in the bracket are to be expressed in terms of yacuum flux coordinates, x = x 0 Oa y = y 0 r, z = 1. The quantities R and R are known functions. Thus. Eq. (37) can be integrated, yielding
where i and -q are two free functions of integration to be determined shortly.
The next step in the calculation is to express the flux coordinates in terms of C and q. If we focus on a flux surface whose vacuum labels are given by 2 #/B a x 2 + y2 tan 90 * y 0 /x 0 then this flux surface, in presence of P and long thin corrections is given by
For small f and t 20/Bc ~ x 2 / 2 + y2 2 -2xf/2-2 y7/r2 (41) tan 8 0 ~y/rx (I +/x -9/y)
Note that in Eq. (41). f and t7 can be expressed to the order required as: where s is arc length along the magnetic field. where AV, and A2 are functions of 1 alone, given by 
IV. Applications
In this section we derive analytical expressions for Z and E using certain simplifying assumptions. We then apply these expressions to describe the equilibrium of actual mirror experiments. If we assume
with a mirror ratio R(z) = B 0 /Bc = 1 + (Ro -1)z 2 /L 2 and assume cL >> 1,
(values of c and L for three magnetic geometries are given in Table 1 with all other terms smaller by at least a factor of 1/Lc. A comparison of these analytical expression with the exact computer generated functions A and A2 is given in figure 1., and shows close agreement.
To evaluate (53) we assume a separable pressure profile:
where P(B ) vanishes at the mirror throat, but dP(Bo)/dBOIB P, 0.
Using the expansion
with P < 0, and substituting (54), (55) and (56) into (53) we find: Comparing the E , we find
Note that the ratio scales with P, so E is much more important than E at In Constance the p in the core plasma is no more than 10%-15%. so E is dominant eveywhere in the machine.
We have now calculated all the terms in Eq. (48) except the interchange stability constant H. Using the same pressure and field profiles Eq. (51)
(62)
H -P (RO -
2)e /(OOBL)
m0
Note that here, as in the calculation of E and E , the large exponential allows the substitution of R 0 for the function R in the denominator, simplifying the integral.
Combining equations (48), (58), (63) and (67) the midplane flux surface is:
where rB = (20B/Bc)1/ 2 is the radius at which the pressure vanishes.
In this section we compare our calculated equilibrium with two equilibrium codes, the VEPEC 3D code and the new "Long Thin Equilibrium" (LTE) code at Livermore.
We have evaluated Z and E for three magnetic geometries: the Constance-B mirror, the anchor of the TARA tandem mirror at MIT, and a modified IIX-IIB coil set used by the groups at Livermore to benchmark their codes. The parameters of each machine are shown in Table 1 .
We obtain the results in this section by numerically evaluating Eqs. results. This is due to the fact that the fanning region of Constance is not well described by the long-thin approximation, and thus the long-thin expansion on which our theory is based breaks down if much pressure extends into this region. Figure 3. shows typical Constance flux surfaces obtained with our theory. For this graph the core P = 15% is assumed. The beta contribution to the quasdrupole distortion of the Constance midplane flux surface is much smaller than the contribution due to the long-thin term in our theory.
The two curves correspond to the same preesure profiles as in figure 2a. 
